Object. Studies on risk factors for subarachnoid hemorrhage (SAH) show heterogeneity. For example, hypertension has been found to be a significant risk factor in some studies but not in others. The authors hypothesized that differences in the ethnicity of the populations studied could account for these findings.
HE incidence of SAH varies in different parts of the world, with the incidence in Finland being as high as 21.4 cases per 100,000 persons per year. 35, 36 In the US, the incidence is reported to be six cases per 100,000 persons per year, 7 whereas in India it is reported to be 3 to 4 cases per 100,000 persons per year. 44, 45 Although these differences could reflect the efficiency of data gathering, studies involving only populations of single countries have also shown ethnic differences. In the US and the United Kingdom, SAH incidence has been consistently higher among African-American and Hispanic groups. 5, 6, 17, 49 When compared with non-Hispanic whites, the pooled odds ratio for African-Americans is 1.5 (95% CI 1.43-1.61) and 1.16 (95% CI 0.99-1.35) for Hispanics. 3, 6, 10, 22, 47, 49, 53 Based on these findings it is likely that African-American and Hispanic groups suffer a higher SAH burden.
Although the cause of these differences is unknown, it is possible that there are ethnic variations in susceptibility to SAH risk factors. In other vascular conditions such as stroke 18, 48 and coronary artery disease, 16, 23 ethnic variations in risk factor susceptibility largely account for ethnic differences in disease incidence. We hypothesized that a similar process may be important in SAH.
Identified SAH risk factors include smoking, alcohol consumption, substance abuse, hypertension, and family history of SAH, 37, 41, 52 but the results of the studies in which these risk factors were identified show significant heterogeneity. For example, hypertension was found to be associated with increased risk of SAH in some studies 4, 20, 28 but not in others. 24, 29 It is possible that differences in the ethnicity of the populations studied account for this heterogeneity of results. It is already known that certain risk factors are more common in specific ethnic groups. For example, rates of hypertension and diabetes are higher among AfricanAmericans, whereas smoking and alcohol consumption are more common among non-Hispanic whites.
or United Kingdom) or monoethnic/homogeneous populations (as, for example, in Finland or Japan). In this report we show that the association between smoking and the risk of SAH appears to be different in multiethnic populations and homogeneous populations.
Clinical Material and Methods
Articles in the PubMed database from 1966 to the present were searched using the keywords subarachnoid hemorrhage, intracranial aneurysm, risk factor, smoking, hypertension, ethnic differences, and racial differences (Fig. 1) . The search was restricted to studies involving adults (defined as persons Ն 19 years of age) and published in the English language. Cross-references were also collected from the bibliographies of relevant articles.
We included case-control studies, in which the diagnosis of SAH was established on the basis of findings from computed tomography or lumbar puncture, and cohort studies in which diagnosis of SAH was confirmed through a review of medical records. These criteria were chosen to minimize the erroneous inclusion of cases of other hemorrhagic strokes. For case-control studies, we reviewed the study design to determine whether similar inclusion criteria were employed to enroll cases and controls. In order to exclude studies with selection bias in their study populations, we also assessed whether selection of controls was independent of their exposure status. Our goal was to account for residual confounding in reported effect estimates at a 95% confidence level. Therefore we excluded studies in which authors did not report the 95% CIs for effect estimates as well as those in which methods for adjustment for various confounders were not reported.
Data Collection
Data extraction sheets were developed to collect published data from case-control and cohort studies. Information was included as follows.
Classification of Exposure. Three categories were used for smoking: current smokers, former smokers, and nonsmokers. In case-control studies, results were reported as odds ratios, defined as the odds of the disease in question (that is, SAH) occurring among persons exposed to the risk factor divided by the odds of the disease occurring in the unexposed control group. In cohort studies, results were reported as risk ratios, defined as the probability of the disease occurring in persons exposed to the risk factor divided by the probability of disease among the unexposed study population. The amount of alcohol consumed per week was recalculated into categories of less than 150 g/week, at least 150 g/week, and no consumption, using the threshold used by Teunissen et al. 52 in a previous metaanalysis. To standardize these data, we assumed that a standard drink contained 12 g of alcohol. Patients were stratified into two groups according to hypertensive status: no hypertension or a history that included a diagnosis of hypertension and/or measured high blood pressure recordings.
Ethnicity. The ethnic composition of control groups (in case-control studies) and the study bases (in cohort studies) was noted. We found no studies on exclusively African, African-American, or Hispanic populations. Therefore the study populations were classified as multiethnic or homogeneous on the basis of the demographic data provided. Studies performed in the US and United Kingdom qualified as multiethnic, and studies conducted in Japan, Finland, Korea, or any of several European countries other than the United Kingdom qualified as monoethnic. We believed that studies from Australia and New Zealand qualified as studies involving multiethnic populations, but we were not certain. Therefore, we performed two analyses, one with studies from Australia and New Zealand included in the multiethnic group and one with studies from these countries excluded entirely.
Effect Estimates and Confounding Variables. We extracted the adjusted effect estimates for SAH with respect to smoking, hypertension, and alcohol consumption. Investigators used a variety of methods to adjust for confounding variables in the different studies, and we attempted to identify residual confounding either at the design or analysis phase in the reported effect estimates. For example, in a case-control study, the odds ratio for SAH with respect to smoking can be biased if it is not adjusted for hypertension, alcohol use, family history of SAH, BMI, and ethnicity. This residual confounding in effect estimates was noted at the time of data extraction.
Data Analysis
From cohort studies, the SAH risk ratios for smoking, hypertension, and alcohol consumption were individually pooled by exposure categories. Similarly the odds ratios from case-control studies were combined into pooled odds ratios. Estimates obtained from a random effects model were utilized. Metaregression analysis was used to test for significant heterogeneity in the effect estimates of these three risk factors (smoking, hypertension, and alcohol consumption) for the risk of SAH.
To evaluate the effect of ethnicity, we categorized populations as multiethnic, homogeneous Asian, and homogeneous non-Hispanic white. Studies carried out in the US, the United Kingdom, Australia, and New Zealand were considered to involve multiethnic populations. As mentioned, we performed two separate analyses for multiethnic populations-one in which studies involving populations from Australia and New Zealand were included and one from which they were excluded. Studies involving Asian populations included studies from Japan and Korea, while the homogeneous non-Hispanic white category included studies from European countries (but not the United Kingdom).
For the regression analysis, four ethnic composition variables were defined and coded as a separate dichotomous variable. For example, the first variable coded X 1 = 1 for multiethnic populations of the US and United Kingdom and X 1 = 0 for the other studies. The second variable (X 2 ) coded X 2 = 1 for multiethnic populations of the US, United Kingdom, Australia, and New Zealand and X 2 = 0 for the other studies. Additional variables coded for Asian populations of Japan and Korea (X 3 ) and homogeneous European non-Hispanic white populations (X 4 ).
Seven variables were used in the metaregression model. For smoking, these variables were residual confounding by hypertension, alcohol intake, BMI, ethnicity; study setting (population-based versus hospital-based case-control stud-ies); and one ethnic composition variable. Therefore, this regression model analyzed one broad ethnic category as the predictor of heterogeneity among studies.
Data were entered into and managed using Microsoft Excel, and analysis was done using Stata Intercooled version 8 (StataCorp).
Results

Literature Search
We evaluated 134 publications for inclusion in the metaanalysis. As shown in Fig. 1 , we excluded review articles, letters to the editor, and studies not meeting the eligibility criteria noted previously. Ten cohort studies 13, 26, 29, [31] [32] [33] [34] 38, 50, 51 and 17 case-control studies 1, 2, 4, 8, 12, 15, 20, 21, 25, 27, 28, 30, 36, 39, 40, 42, 43 were identified for data extraction and analysis. Tables 1 and 2 summarize the demographic characteristics of the cohort and case-control studies included in the metaanalysis. Tables 3 and 4 summarize the age (mean and range), sex (percentage of women), and the specific risk factors noted in each study.
Risk Factors for SAH
Smoking. As summarized in Table 5 , the role of smoking in SAH was investigated in five cohort and 16 case-control studies. The authors of these studies classified smoking in two ways. In 10 case-control studies individuals were classified as current, former, or nonsmokers. In these studies the nonsmoker category was used as the reference to calculate the odds ratios for current and former smokers. In six case-control studies the categories were current smokers and nonsmokers, and former smokers were included in the nonsmoker category. We calculated the pooled odds ratio for risk of SAH with respect to current smoking first by including all 16 studies. In a separate analysis, we also calculated the pooled odds ratio for risk of SAH with respect to current smoking from the 10 case-control studies in which former smokers were distinguished from nonsmokers.
Using all 16 case-control studies, the calculated pooled odds ratio for SAH risk with respect to current smoking was 3.21 (95% CI 2.51-4.09). When the 10 case-control studies with three categories of smoking risk were analyzed separately, a similar odds ratio was noted for risk of SAH with respect to current smoking (3.452, 95% CI 2.63-4.528). For both these pooled effect estimates, the results of tests of heterogeneity were significant (p Ͻ 0.001, Q = 70.224 on 15 degrees of freedom and Q = 29.269 on nine degrees of freedom, respectively). The results from cohort studies were similar.
Hypertension. Hypertension data were reported in two cohort and 11 case-control studies. The pooled effect estimates were a risk ratio of 3.05 (CI 2.09-4.44) for the cohort studies and an odds ratio of 3.02 (CI 2.43-3.76) for the case-control studies. For this analysis, a history of hypertension (self-reported or documented in the medical record) or measured blood pressure readings were accepted. The result of a test for heterogeneity was statistically significant (p = 0.016) in the case-control studies.
Alcohol Consumption. The pooled effect estimates were significantly increased for consumption of at least 150 g/ week in the cohort as well as the case-control studies, at 2.46 (CI 1.42-4.24) and 4.30 (CI 2.50-7.41), respectively.
The Role of Ethnicity
A metaregression analysis was performed for case-control studies in which the effects of current smoking (test of heterogeneity, p Ͻ 0.001; Table 6 ) and hypertension (test of heterogeneity, p = 0.016) were investigated. For the smoking data, ethnic composition of the study population was a significant predictor of heterogeneity (p Ͻ 0.001) for multiethnic populations and high-risk populations but not for Asian and homogeneous non-Hispanic white populations.
Statistically significant results were not noted for hypertension.
The pooled odds ratios for SAH with respect to current smoking are on average higher by 87% in case-control studies carried out in multiethnic populations as compared with studies carried out in monoethnic ones. The odds ratio for SAH with respect to current smoking was 3.83 (95% CI 2.53-5.81) in multiethnic populations and 2.49 (95% CI 2.04-3.04) in monoethnic ones.
In all metaanalyses, publication bias (also called "positive outcome bias") can be a problem. This bias results from the tendency of researchers to publish positive results only and ignore negative or inconclusive results. At present, there is no definitive method to rule out publication bias, but it can be estimated using the Begg test. In our study, the results of the Begg test were not significant (p = 0.822) for case-control studies in which the effect of smoking was investigated, which means there is no evidence for significant publication bias in these results.
Discussion
We found that the association between smoking and the risk of SAH appears to be different in multiethnic and monoethnic populations. The higher odds ratio for the risk of SAH with respect to current smoking in multiethnic populations was not the result of a higher proportion of smokers in multiethnic populations (the prevalence of smoking among controls is comparable in both groups). Therefore,
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Ethnic differences in risk factors for SAH this finding may signify an increased effect of smoking on the formation of aneurysms among certain ethnic groups. Such differences in smoking effect have not been reported for SAH. To our knowledge, investigators have attempted to address this issue in only one previously published study. In a population-based study of the incidence of SAH, Bruno and colleauges 9-11 compared the prevalence of smoking, hypertension, and alcohol consumption among patients with SAH in Hispanic white and non-Hispanic white populations. The prevalence of alcohol consumption and hypertension was similar in the two groups; the prevalence of smoking, however, was significantly lower among Hispanic whites (11.4 compared with 15.2 cigarettes per day, p Ͻ 0.001) even though the rate of SAH was higher in this group.
525
For other diseases, smoking clearly leads to higher risk in certain ethnic populations. Rohr and coauthors 46 published a study which showed that the odds ratio for risk of stroke with respect to cigarette smoking was higher in young African-Americans, especially men (Caucasian males, odds ratio 2.0, CI 1.1-3.8; Caucasian females, 2.1, CI 1.1-4.3; African-American males, 3.3, CI 1.6-6.6; and AfricanAmerican females, 2.2, CI 1.3-3.9). Similar differences in effect have been observed in lung cancer. 19 In fact, Emont 14 V. Krishna and D. H. Kim showed that the direct per capita costs of health care attributable to smoking were higher in African-Americans than in whites. The ethnic differences in the effect of smoking on risk of SAH could help explain the excess disease burden in African-American populations. We can take a hypothetical example of a large population (100,000) with an overall incidence of 10 cases per 100,000 per year followed-up for a sufficient length of time (10 years) . In this population we assume that the baseline risk of SAH is similar in two hypothetical ethnicities (E 1 and E 2 ) and that the adjusted odds ratios for SAH with respect to smoking are 5.0 and 3.0, respectively. Assuming a similar percentage of smokers (30%) in the two populations, the risk of SAH in population E 1 compared with population E 2 is 1.38 (CI 0.88-2.14). In a 10-year period, with only 30% of the people in the population smoking, the increase in SAH risk would be almost 40% greater in the more susceptible population.
There are limitations to our study. The ideal study design would involve testing our hypothesis with prospective evidence. In the absence of such data, a metaanalysis is the best way to generate preliminary evidence. Our method of classifying study populations was not optimal, but it was necessary given the studies available. It is rather surprising that a statistically significant finding was noted even though we could not directly compare non-Hispanic white, AfricanAmerican, and Hispanic populations. Because most reported populations were predominantly non-Hispanic white, any bias in our method would have been towards dilution of actual differences.
Conclusions
The results of this metaanalysis suggest that differences in susceptibility to the deleterious effects of smoking may be one cause of the observed differences in SAH incidence in different ethnic groups. The role of ethnicity in risk factors for SAH should be considered in future studies. 
